A Gram-stain-positive, strictly aerobic, non-motile and rod-shaped bacterial strain, designated YS-17 T , was isolated from soil in the Lengshuijiang antimony mine, Hunan Province, China. Comparative 16S rRNA gene sequencing analysis clustered it with Flavihumibacter strains, and strain YS-17 T was most closely related to Flavihumibacter cheonanensis WS16 T (97.2 % similarity), Flavihumibacter petaseus T41 T (96.6 %) and Flavihumibacter solisilvae 3-3 T (96.5 %). The level of DNA-DNA relatedness between strain YS-17 T and F. cheonanensis JCM 19322 T was 35.5±0.1 % (n=2). The major respiratory quinone of strain YS-17 T was menaquinone-7 and the major polar lipids were phosphatidylethanolamine, two unidentified lipids, two unidentified amino lipids and phospholipid. The major fatty acids (!5 %) were iso-C 15 : 0 , iso-C 15 : 1 G, unknown ECL 13.565, iso-C 17 : 0 3-OH, C 15 : 0 , C 16 : 1 !5c and anteiso-C 15 : 0 . The DNA G+C content was 47.8 mol%. Compared with other Flavihumibacter strains, strain YS-17 T showed major biophysical and biochemical differences, with the ability to hydrolyse gelatin and to assimilate salicin and L-proline. The results demonstrated that strain YS-17 T belongs to the genus Flavihumibacter and represents a novel species, for which the name Flavihumibacter stibioxidans sp. nov. is proposed. The type strain is YS-17 T (=CCTCC AB 2016053 T =KCTC 52205 T ). †Present address:
The genus Flavihumibacter belongs to the family Chitinophagaceae, phylum Bacteroidetes, and was first proposed by Zhang et al. (2010) with Flavihumibacter petaseus as the type species. To date, the genus Flavihumibacter consists of three species represented by Flavihumibacter petaseus T41 T , Flavihumibacter cheonanensis WS16 T and Flavihumibacter solisilvae 3-3 T , isolated from subtropical rainforest, forest soil and sediment of a shallow stream, respectively (Zhang et al., 2010; Kim et al., 2014; Lee et al., 2014) . The main characteristics of Flavihumibacter strains are that they are Gram-stain-positive, nonmotile, aerobic and rod-shaped, producing flexirubin-type pigments, positive for oxidase and catalase, but negative for nitrate reduction. Members of the genus Flavihumibacter have menaquinone-7 (MK-7) as the major respiratory quinine, phosphatidylethanolamine and an unidentified lipid as major polar lipids, and iso-C 15 : 0 and iso-C 15 : 1 G as major fatty acids. The DNA G+C content of Flavihumibacter strains ranges from 45.9 to 49.5 mol% (Zhang et al., 2010; Kim et al., 2014; Lee et al., 2014) .
During the isolation of antimonite-oxidizing bacteria, a soil sample was collected in Lengshuijiang antimony (Sb) mine (111 41¢ E 27 68¢ N), Hunan Province, China. The soil sample was suspended in 0.85 % (w/v) NaCl and the diluted solutions were spread on R2A agar plates and incubated at 28 C for 1 week. A strain named YS-17 T was selected for this study based on preliminary 16S rRNA gene sequencing data. For isolation and purification, strain YS-17 T was cultivated on R2A agar at 28 C and preserved in 20 % glycerol at À80 C. In this study we describe the characteristics of strain YS-17 T based on a polyphasic analysis.
Genomic DNA of strain YS-17 T was extracted according to standard procedures (Sambrook & Russell, 2001) . The primer pair 27F and 1492R was used for amplification of the 16S rRNA gene sequence as described by Fan et al. (2008) . The 16S rRNA gene sequence (1490 bp) of strain YS-17 T was compared with related type strains using the EzTaxon-e identification service (http:// eztaxon-e. ezbiocloud.net; Chun et al., 2007) and was aligned with closely related type strains using the multiple sequence alignment program CLUSTAL X version 1.83 (Thompson et al., 1997) . Phylogenetic trees were reconstructed using the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981 ) methods with MEGA6 (Tamura et al., 2013) . Bootstrap values were calculated based on 1000 replications (Felsenstein, 1985) .
The growth of strain YS-17 T and of related strains was assessed on R2A (per litre: 0.5 g yeast extract, 0.5 g tryptone, 0.5 g Casamino acids, 0.5 g glucose, 0.5 g soluble starch, 0.3 g K 2 HPO 4 , 0.3 g sodium pyruvate, 0.05 g MgSO 4 Á7H 2 O) unless otherwise mentioned. The Gram reaction was determined using a Gramstain kit (Jiancheng Biotech) in combination with the 3 % KOH method (Smibert & Krieg, 1994) . Cells was observed by transmission electron microscopy (H-7650; Hitachi). Motility was tested using a semi-solid puncturing method on 0.3 % R2A agar. Gliding motility was tested by microscopic observation of the hanging-drop method (Bernardet et al., 2002) . Growth was assessed in R2A liquid medium incubated for 1 week at various temperatures (4, 10, 16, 20, 25, 28, 32, 37, 42 and 45 C) , in various NaCl concentrations (0, 0.5, 1, 2, 3, 4, 5 and 6 %, w/v). The pH range for growth (pH 4.0-11.0) was tested in R2A liquid medium adjusted with different buffer systems (0.1 M citric acid/0.1 M sodium citrate, for pH 4.0-5.0; 0.1 M KH 2 PO 4 /0.1 M NaOH, for pH 6.0-8.0; 0.1 M NaHCO 3 /0.1 M Na 2 CO 3 , for pH 9-10; 0.05 M Na 2 HPO 4 / 0.1 M NaOH, for pH 11) after incubation for 1 week. Growth under anaerobic conditions was determined on R2A agar and incubation in an anaerobic chamber at 28 C for 2 weeks. Oxidase and catalase activities were determined using oxidase reagent and 3 % (v/v) H 2 O 2 , respectively, according to Smibert & Krieg (1994) . Nitrate and nitrite reduction were determined as described by L anyí (1987) . Hydrogen sulfide production, indole test and hydrolysis of casein (5 %, w/v), gelatin (15 %, w/v), Tweens 20, 40, 60 and 80 and starch (0.2 %, w/v) were determined according to Smibert & Krieg (1994) . The API 20 NE, ATB ID 32GN and API ZYM systems (bioM erieux) were used to determine different biophysical and biochemical properties according to the manufacturer's protocols and, sometimes, in combination with traditional methods. The ability of the strain to oxidize antimonite [oxidizing the toxic Sb(III) to the much less toxic Sb(V)] was detected using hydride-generation atomic fluorescence spectroscopy combined with HPLC (HPLC-HG-AFS; Beijing Titan Instruments). Overnight cultures with the addition of Sb(III) [as K 2 Sb 2 (C 4 H 2 O 6 ) 2 ] were each inoculated (1 ml) into R2A liquid medium and incubated at 28 C with shaking at 160 r.p.m. for 24 h. The control was R2A liquid medium without inoculation of strain YS-17 T . Culture samples were taken for monitoring optical density (OD 600 ) using a spectrophotometer (Beckman DU800; Beckman) and quantifying Sb(III) or Sb(V) concentrations using HPLC-HG-AFS as previously described (Li et al., 2015) .
For whole-cell fatty acid analysis, strain YS-17 T and the three closely related type strains were grown on R2A agar at 28 C until cells reached exponential phase. The fatty acid methyl esters were analysed by GC (6890; Hewlett Packard) using the Sherlock Microbial Identification System (MIDISherlock version 4.5; MIDI database TSBA40 4.10) (Sasser, 1990) . For the extraction of respiratory quinones and polar lipids, the strains were cultured in R2A medium and freeze-dried after harvesting. Respiratory quinones were analysed by HPLC as described by Minnikin et al. (1984) . Polar lipids was determined by two-dimensional TLC as described by Tindall (1990) . The DNA G+C content was determined by HPLC (Mesbah et al., 1989) . The taxonomic relationships between strain YS-17 T and F. cheonanensis WS16 T were further examined using DNA-DNA hybridization. Genomic DNA of the two strains was prepared (Sambrook & Russell, 2001 ) and DNA-DNA hybridization was performed using photobiotin-labelled probes in microplate wells, as described by Ezaki et al. (1989) . Hybridizations were repeated twice and the means of the resulting values were determined.
The 16S rRNA gene sequence of strain YS-17 T was closely related to those of F. cheonanensis WS16 T (97.2 % similarity), F. petaseus T41 T (96.6 %) and F. solisilvae 3-3 T (96.5 %) and the four strains clustered together. In the phylogenetic tree ( Fig. 1 ) based on the neighbour-joining algorithm, strain YS-17 T also formed a branch with Flavihumibacter species. The phylogenetic trees based on the maximumparsimony and maximum-likelihood algorithms showed similar results to those of the neighbour-joining tree (Figs S1 and S2, available in the online Supplementary Material).
Cells of strain YS-17 T were Gram-stain-positive, non-flagellated and rod-shaped (0.2-0.3Â0.8-1.5 µm) ( Fig. S3 ). Colonies were yellow, circular, smooth, non-transparent and 2-4 mm in diameter on R2A agar after incubation at 28 C for 2 days. Strain YS-17 T could grow aerobically at 16-37 C (optimum 28 C) and pH 6.0-9.0 (optimum pH 7.0). The growth concentration range of NaCl was 0-1 % (w/v) (optimum 0 %). Strain YS-17 T was positive for catalase, oxidase, hydrogen sulfide production, flexirubin-type pigments and hydrolysis of aesculin, but negative for nitrate reduction, hydrolysis of gelatin, casein and starch, as well as indole production. These characteristics are consistent with the genus Flavihumibacter (Zhang et al., 2010; Kim et al., 2014; Lee et al., 2014) . However, strain showed differential characteristics compared with the other related strains in the genus Flavihumibacter (Table 1) . Strain YS-17 T showed major biophysical and biochemical differences, with the ability to hydrolyse gelatin and to assimilate salicin and L-proline (Table 1 ). In addition, strain YS-17 T was able to oxidize Sb(III) to Sb(V) during growth in R2A liquid medium (Fig. S4) , indiating the potential to apply this strain for environmental Sb bioremediation. The major fatty acids of strain YS-17 T (!5 %) were iso-C 15 : 0 , iso-C 15 : 1 G, unknown ECL 13.565, iso-C 17 : 0 3-OH, C 15 : 0 , C 16 : 1 !5c and anteiso-C 15 : 0 , a profile that is similar to those of other Flavihumibacter type strains but with minor differences in the amounts of some components, such as for anteiso-C 15 : 0 (Table 2) (Zhang et al., 2010; Kim et al., 2014; Lee et al., 2014) . The major respiratory quinone of strain YS-17 T was MK-7 and the polar lipids were phosphatidylethanolamine, two unidentified lipids, two unidentified aminolipids, an unidentified phospholipid, an unidentified glycolipid and phosphoaminolipid (Fig. S5) . The quinone and polar lipids of strain YS-17 T were similar to those of other Flavihumibacter strains. The DNA G+C content of strain YS-17 T was 47.8 mol%, which is within the range described for the genus Flavihumibacter (Zhang et al., 2010; Kim et al., 2014; Lee et al., 2014) . The level of DNA-DNA relatedness between strain YS-17 T and F. cheonanensis JCM 19322 T was 35.5±0.1 % (n=2).
The data presented indicate that strain YS-17 T belongs to the genus Flavihumibacter but differs from related Flavihumibacter species phylogenetically and morphologically. Based on the polyphasic taxonomic results, strain YS-17 T represents a novel species in the genus Flavihumibacter, for which the name Flavihumibacter stibioxidans sp. nov. is proposed.
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Terrimonas rubra M-8 T (JF803808)
Terrimonas ferruginea DSM 30193 T (AB048188)
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Parafilimonas terrae 5GHs7-2 T (KF934397) Description of Flavihumibacter stibioxidans sp. nov.
Flavihumibacter stibioxidans (sti.bi.o¢xi.dans. L. neut. n. stibium antimony; N.L. pres. part. oxidans oxidizing; N.L. part. adj. stibioxidans antimony-oxidizing).
Cells are Gram-stain-positive, non-flagellated, non-motile and rod-shaped (0.2-0.3Â0.8-1.5 µm). Colonies grown on R2A plates are 2-4 mm in diameter, circular, smooth, nontransparent and yellow-pigmented. Growth also occurs on trypticase soy agar and Luria-Bertani agar. It is strictly aerobic and grows at 16-37 C (optimum 28 C), at pH 6.0-9.0 (optimum pH 7.0) and with NaCl concentrations in the range 0-1 % (w/v) (optimum, 0 %). Positive for oxidase, catalase, hydrogen sulfide production, flexirubin-type pigment production and hydrolysis of aesculin, but negative for nitrate reduction, indole production, and hydrolysis of gelatin, casein and starch. The methyl red and Voges-Proskauer tests are negative. Alkaline phosphatase, leucine arylamidase, valine arylamidase, trypsin, naphthol-AS-BI-phosphohydrolase, aglucosidase, b-glucosidase and N-acetyl-b-glucosaminidase are positive, while esterase (C4), esterase lipase (C8), cystine arylamidase, chymotrypsin, acid phosphatase, a-galactosidase, b-galactosidase and b-fucosidase are weakly positive. Lipase (C14), b-glucuronidase and a-mannosidase are negative.
Positive results for assimilation of D-mannose, N-acetyl-glucosamine, L-rhamnose, sucrose, inositol, D-glucose, melibiose, L-arabinose, L-proline and maltose, but negative for D-sorbitol, D-fucose, D-ribose, L-tyrosine, D-mannitol, salicin, L-histidine, L-serine, propionic acid, potassium gluconate, caprate, adipic acid, valeric acid, malic acid, trisodium citrate, sodium acetate, 5-ketogluconate, 2-ketogluconate, uberate, malonate, lactate, 4-hydroxybenzoate, 3-hydroxybutyric acid and phenylacetic acid. The major fatty acids are iso-C 15 : 0 , iso-C 15 : 0 G, iso-C 15 : 1 G, unknown ECL 13.565, iso-C 17 : 0 3-OH, C 15 : 0 and C 16 : 1 !5c (>5 %). The major respiratory quinone is MK-7. The polar lipids are phosphatidylethanolamine, two unidentified lipids, two unidentified aminolipids, an unknown phospholipid, an unknown glycolipid and phosphoaminolipid.
The type strain, YS-17 T (=CCTCC AB 2016053 T =KCTC 52205 T ), was isolated from soil of an antimony mine in Lengshuijiang city, Hunan Province, China. The G+C content of the type strain is 47.8 mol%. Kim et al. (2014) ; b, Zhang et al. (2010) ; c, Lee et al. (2014) ]. +, Positive; À, negative; W, weakly positive.
Characteristic 1 2 3 4
Growth temperature ( C) 16-37 16-37 20-37 20-37 NaCl tolerance (%, w/v) 0-1 0-1 0-1 0-0.5 pH range 6.0-9.0 6.0-8.0 5.5-9.5 5.5-9. (Zhang et al., 2010; Lee et al., 2014) . 
